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(57) Abstract: The present invention relates to a device for oxy- 
genating water in aquaculture plants for marine organisms in the 
sea, together with a method for using the device. The invention 
provides for the supply of substantially pure oxygen which is 
distributed via a specified system to the water. Here given de- 
vices arrange for the formation of oxygen microbubbles with an 
oxygen partial pressure which is such that the oxygen passes into 
the water in the aquaculture plant. The distribution of oxygen is 
adjusted in relation to the water's oxygen saturation. 
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Device for oxygenating water 

The present invention relates to a device for oxygenating water in 
aquaculture plants for marine organisms in the sea by means of oxygenous 
microbubbles, together with a method for using the device. 

5 In many sea water fish farms, low oxygen levels are recorded during certain 
periods. Reports have been received from some fish farmers that the oxygen 
content during these periods can be as low as 3-4 mg/litre at 14-15°C, 
corresponding to an oxygen saturation of only 40%. The periods may be of 
shorter or longer duration, and occur particularly when the sea temperature is 
10 high, after feeding, and during the evening/night when the respiratory 
activity of the algae is high. 

With an oxygen saturation as low as that mentioned above, the fish have 
difficulty in surviving. A fish farmer will notice that the fish is not eating and 
tends to move to the upper layers of the water and gasp for oxygen. In 

15 general low oxygen saturation will result in a reduction in both feed 

utilisation and growth, and experiments have shown that even an oxygen 
saturation as high as 85% can give this result, although without the loss of 
appetite or altered behaviour in the fish. Thus the problems associated with 
low oxygen saturation can occur without a farmer noticing any obvious 

20 symptoms in the fish. 

Fish are ectothermal animals whose metabolism depends on the temperature 
of the sea. A high sea temperature produces a high metabolism, good appetite 
and mobility. This leads to a high oxygen requirement which has to be 
covered from the surrounding water masses. If the oxygen saturation in the 
25 water masses is low, it will lead to reduced metabolism. Reduced metabolism 
leads to a lower growth rate, poorer utilisation of feed since the feed is not 
absorbed but is pushed through the gut without being digested, and reduced 
resistance tp disease. 

During the period July - October, it is assumed that it is the availability of 
30 oxygen which is the limiting factor for maximum feed utilisation and growth 
in sea water. If it had been possible to increase this to normal saturation 
during periods of low oxygen saturation, substantial gains could have been 
obtained in the form of lower feed factor, increased rate of growth, increased 
production capacity (higher fish density) and greater resistance to disease as 
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a result of less environmental stress. No known solutions exist at present, 
however, which enable generator-produced oxygen to be added in an 
efficient manner, in large amounts and over lengthy periods to water in open 
cage installations. 

5 Equipment exists at the present time for oxygenating water for farmed 

salmon and trout,- while the fish still are located in land-based installations. 
In this case the water source is principally fresh water which flows by means 
of gravity into the fish farm. During the period when the fry have to be 
adapted to life in the sea (smoltification), sea water is gradually added to the 

10 plant. Both the water sources require oxygenation, and this may be 

implemented mainly in two ways; oxygenation in pressurised water systems 
(a cone, tank or the like with a sufficiently high pressure to enable the 
gas(es) (oxygen plus some nitrogen) to be dissolved in the water and bind to 
the water molecules), or diffusion by means of small bubbles (microbubbles). 

15 However, neither of these two oxygenation methods is suitable for 
oxygenation of aquaculture plants for marine organisms in the sea. 

JP 06046717 describes a system for adding air or oxygen to a pressurised 
water system/farmed fish. Oxygenation in pressurised water systems, as 
performed in the land-based plants, however, is not suitable for oxygenation 

20 of cages, since it will be extremely expensive to construct and operate a 
corresponding system out on a cage. Nor is it possible to add generator- 
produced oxygen directly to a cage (i.e. without first having dissolved the 
gas(es) in water which is located in a pressurised system) since it could lead 
to nitrogen overs aturation of the water, which in turn can result in the fish 

25 getting "the bends 1 ' (gas bubble sickness) and dying. 

Two patents describing systems for air admixture on land/in containers in the 
form of bubbles are US 4 927 568 and US 4 776 127. These involve oxygen 
admixture in a livewell on a boat and an aquarium, respectively. Diffusion by 
means of microbubbles, as implemented on the land-based plants, is 
30 performed by means of diffusers consisting of a solid material (ceramics, 

sintered metal or the like). This kind of diffusion, however, is not suitable for 
diffusion in sea water over lengthy periods since the sea water, which 
infiltrates the element, will evaporate on the addition of oxygen, and the 
leftover salts will in time clog the pores of the diffuser elements. 
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US patent 3 970 73 1 describes a diffuser for producing bubbles, where the 
diffuser is submerged in a liquid. The diffuser is equipped with special 
recesses whose object is to collect the bubbles from the diffuser pores before 
they are released into the environment. Consequently, the point of this 
5 diffuser is not to release microbubbles, as is the case with the present 

invention, but to release bubbles which are larger than those emerging from 
the diffuser pores. 

In connection with the removal of salmon lice, ceramic diffusers are 
employed to-day for brief periods (2 hours - 1 day) for adding oxygen to 

10 cages. This oxygen admixture is carried out in this manner since the cage(s) 
which have to be treated are closed by a tarpaulin before chemicals which 
kill the lice are added, and closing the cages in this way results in a reduced 
water through- flow and stressed fish. As already mentioned, however, such 
(ceramic) diffusers are not suitable for diffusion in sea water over long 

15 periods, and there is no permanent system in use to-day for oxygenating 
cages in the sea. 

During periods (July - October) with oxygen saturation values under 85%, 
approximately 0.65 kg of oxygen supplied to the fish will give approximately 
1 kg extra amount of fish produced. This can give an increase in productivity 
20 of 5-20%. At a location where 1000 tons of fish are produced, therefore, after 
deducting the costs of increased oxygen supply, a profit of around NOK 2-6 
million may be involved. The fish farming industry is therefore in a situation 
where the gains, both environmental and financial, make it desirable to have 
a device which can arrange for the supply of oxygen to sea water in cages. 

25 Thus it is an object of the invention to provide a device for oxygenating 
water in aquaculture plants for marine organisms in the sea by means of 
oxygenous microbubbles, together with a method for using the device. 

This object is achieved with the present invention, characterized by what is 
set forth in the attached claims. 

30 The invention relates to a device, together with a method for using the 

device, which enables oxygen to be added in the form of microbubbles in an 
efficient manner, and in large amounts, to sea water in open cage 
installations. For this purpose an oxygenation system is employed where the 
three main elements are oxygen production (possibly using liquid oxygen 
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from a cryotank), oxygen admixture by means of diffusion of oxygenous 
microbubbles and (possibly) control/adjustment of the oxygen admixture. 

The present device and method for using the device may also, optionally with 
minor adjustments which will not be material to the actual concept of the 
5 invention, be used to oxygenate sea water in aquaculture plants of other 
types, such as for example aquaculture plants for shellfish or crayfish. 

The invention will now be described in more detail with reference to figures 
and examples. 

Figures la) and b) illustrate an air compressor/air dryer 1, a storage tank for 
10 air 2, an oxygen generator 3 and a pressure tank for oxygen 4. 

Figure 2a) illustrates a diffuser device composed of diffuser elements 
(diffusers) 5 and diffuser struts 6, and 2b) illustrates a diffuser device 
composed of diffusers 5 and a diffuser frame 7. 

Figure 3 illustrates a dismantled diffuser with a rubber disc 8 and holes 9 for 
15 the intake of oxygen. 

Figure 4 illustrates one embodiment of a pressure equaliser 10 in a 
dismantled diffuser. 

Figure 5 a) is a view illustrating how the oxygen admixture is implemented 
by means of a pump 11, a valve 12, an ejector 13 and a distributor pipe 14, 
20 and 5 b) illustrates a distributor pipe 14. 

Figure 6 a) illustrates a cross section of a non-return unit in an ejector 
consisting of a chamber 15 and a perforated hose 16, and 6 b) is a perspective 
view of the ejector. 

Figure 7 a) is a flow chart illustrating oxygen production 17, oxygen 
25 probes/measurement 18, oxygen control/PLS 19 and oxygen admixture 20, 
and 7 b) is a general view of oxygen production 17, oxygen 
probes/measurement 18, oxygen control/PLS, oxygen admixture 20 and 
oxygen dosing 21. 

Figure 8 illustrates cages 1 and 2 together with measuring points for oxygen 
30 saturation before (A-G) and after (a-d) oxygen admixture. 
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Figure 9 (i) illustrates the oxygen saturation at points (A-G) in cages 1 and 2 
before oxygen admixture, and 9 (ii) illustrates the oxygen saturation at points ; 
(a-d) in cage 1 after oxygen admixture. 

Figure 10 illustrates cages 1 and 2 together with measuring points for oxygen 
5 saturation before (I-VIII) and after (I-IV) oxygen admixture. 

Figure 1 1 illustrates the oxygen saturation at points (I-IV) in cage 2 before 
(the bars on the left) and after (the bars on the right) oxygen admixture. 

The oxygen which has to be added to the cage is produced on the spot by 
means of oxygen generators. Air is sucked into an air compressor 1, where it 

10 is dried and filtered. The dried and filtered air is then passed to a storage tank 
for air 2, which is a pressure tank for intermediate storage of pure air. The 
pure air is then passed to an oxygen generator 3, which by means of a 
separation medium produces oxygen. This is carried out by forcing the air by 
means of overpressure into a tank containing a porous material (ceolite). This 

15 material will adsorb the nitrogen, while the oxygen passes on to the second 
tank in the oxygen generator 3. In this way oxygen is produced efficiently 
and cheaply. The method is called Pressure Swing Adsorption (PSA). The 
gas which is produced is stored in a storage tank (pressure tank) for oxygen 
4, before being further distributed. 

20 The oxygen gas which is produced in this manner has a purity of 

approximately 90-95%. The remaining 5-10% is mainly nitrogen and argon. 
In order to avoid nitrogen oversaturation of the water, and thereby the bends 
in the fish, when this oxygen is added to the sea water, this admixture must 
be performed in the form of bubbles. Since nitrogen is underrepresented 

25 inside a bubble, only nitrogen will pass from the water into the bubble, and 
consequently no nitrogen oversaturation of the water will occur. 

According to the present invention the bubbles which are added to the sea 
water are oxygenous microbubbles. Amongst the advantages of adding 
oxygen in the form of such microbubbles are their ability to "float" in the 
30 water and their low climb speed, which results in a uniform distribution of 
the microbubbles/oxygen in the water which has to be oxygenated, and a 
relatively long contact time with this water. Since large bubbles rise more 
quickly to the surface than small bubbles, the distribution of the oxygen in 
the water will not be equally good when adding large bubbles. In addition, 
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the mass transport (diffusion via the bubble membrane) will be greater for 
small bubbles compared to large bubbles, since small bubbles have a large 
surface to volume ratio. 

Liquid oxygen from a cryotank (LOX) may also be employed for 
5 oxygenation of open cages and therefore should not be ruled out as an 

oxygen source, but this will not represent a very cost-effective alternative 
with to-day f s aquaculture plants. Such oxygen often has a purity of about 
99.5%, but the purity of the oxygen is however of no substantial importance 
when it is added in the form of microbubbles. However, the addition of pure 
10 air (about 20% oxygen) to the water in the cages will not be suitable since it 
will lead to an increase in the partial pressure of N2, thereby exposing the 
fish to the bends. 

As a result of the partial pressure difference between the oxygenous 
microbubbles and the oxygen in the water, the oxygen in the bubbles will 

15 very rapidly diffuse from the bubbles into the water, and then on into the 
fish's gills and blood. Consequently, by means of the present device and 
according to the present invention, a driving gradient is created, since the 
partial pressure of the oxygen in the bubbles is greater than in the water, 
which in turn has higher partial pressure than the fish's blood. The higher the 

20 partial pressure difference, the more rapidly and efficiently the diffusion 
process goes. The partial pressures of other gases (than oxygen) in the 
bubbles are low, which means that gases such as nitrogen, carbon dioxide : 
and ammonia (NH3) will only diffuse into the bubbles. These are gases 
which are considered to be limiting for the fish's growth, and which in this 

25 manner are removed from the water when the bubbles "burst 11 on the surface' 
of the water. This effect thereby provides a further advantage of the use of 
the present method. 

Oxygen from the storage tank 4 is distributed by means of hoses and pipes to 
each individual cage. In the cage oxygen is added by means of diffuser 

30 elements (diffusers) 5 which are attached to a suitable device 6, 7 which is 
lowered into the sea. Since cages may vary in shape and volume, it may be 
expedient to employ different types (alone or together) of attachment devices 
for the diffusers. According to the present invention, attachment devices with 
mounted diffusers (diffuser devices) are exemplified by diffusion struts 

35 (diffuser struts) 6 or diffusion frames (diffuser frames) 7. If the cages are 
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very large there will be a need for extra, transverse pipes with mounted 
diffusers inside the frame (not shown). 

The ideal position for a diffuser device is such that bubbles pass through the 
entire horizontal cross section of a cage. The area of the cage which should 
5 be covered by diffusers will vary, however, and depends amongst other 
things on the local water through-flow in, and the depth of, the cage. Both 
the diffuser frame and the diffuser strut should be adjustable in relation to the 
water depth at which the oxygen requires to be added, e.g. by means of a 
wire, rope, hook and/or pulley system which is suspended over the cage, or 
10 by means of attachment points (attachment devices) in the actual supporting 
structure of the cage. The oxygen may be added at a depth of from 2-25 
metres, but the most expedient depth to add the bubbles will be from 5-10 
metres. 

A diffuser consists of a rubber disc/sheet 8, preferably EPDM (ethene 

15 propene rubber) which has an elasticity of 40 0 (shore). This disc is mounted 
in a frame and sealed with a lock ring (nut). In the rubber disc there is 
moulded an O-ring which effectively prevents gas leakage. The diffuser is - 
designed with a view to preventing water from flowing back and into it. If 
sea water infiltrates a diffuser, the water will quickly evaporate (due to the 

20 oxygen's 100% dryness), and the salts will be left in the diffuser. In time this 
will block the diffuser and its oxygen-supplying properties. In this concept, 
therefore, the diffusers are made of rubber which has resilient properties, and 
which has resistance to salts, oxygen and sunlight. The resilient properties of 
the rubber are explained by the rubber disc being equipped with several small 

25 holes. When oxygen is added through the supply hole 9 in a diffuser, a 

pressure is created inside the diffuser, causing the holes in the rubber disc to 
be opened (because the rubber is stretched), and the oxygen which is thereby 
forced out of these holes forms small oxygenous microbubbles. The extent to 
which these holes are opened depends on how much pressure is employed, 

30 i.e. how much oxygen gas is added. If no oxygen supply takes place, the 
holes in the rubber disc will be closed, thus shutting out the sea water. 

On account of the rubber disc's great elasticity and the normally low 
counterpressure over the membrane, problems can easily arise if a diffuser 
frame or a diffuser strut are exposed to vertical movements. The problem is 
35 due to the fact that the oxygen gas being distributed chooses the path of least 
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resistance, with the result that it emerges at the highest point at any time on a 
diffuser device. An enormous load is therefore placed on the one or the few 
diffusers from which the gas thereby emerges, thus forming large instead of 
small bubbles. Said problem can be countered by constructing a 
5 counterpressure over the diffuser membrane, and thus the applicant has 

designed a pressure equaliser 10, according to the present invention, for this 
purpose. 

A pressure equaliser 10 may be installed in the hole 9 where the oxygen gas 
flows into a diffuser. In this hole is placed a nipple, and inside the nipple is 

10 mounted a transition piece which in turn is connected to a circular rubber 
hose. The entire arrangement is mounted in such a manner that the rubber 
hose is located inside the diffuser 5. The rubber hose is perforated by a 
certain number of holes, thus producing a pressure difference of 4 0.2 -2.5 bar 
over this hose. The oxygen gas thus flows from a distribution pipe into the 

15 diffuser through this perforated hose, and continues out of the diffuser over 
its perforated rubber disc. A pressure equaliser of this kind inside each 
individual diffuser results in a uniform distribution of the gas between all the 
diffusers, and the bubbles which are formed over the diffuser membrane are 
of approximately the same size. With such a pressure equaliser, moreover, 

20 the distribution of the oxygen gas will not be influenced by any vertical 
movements of the diffuser device. 

Other embodiments of the pressure equaliser comprising perforated rubber 
material are also possible, such as e.g. a perforated rubber disc/membrane 
located in the oxygen flow or a cylindrical perforated rubber body. 

25 Another way, according to the invention, of achieving uniform distribution of 
the oxygen gas between the various diffusers, may be to reduce the diameter 
of the hole 9 through which the oxygen gas enters the diffuser. 

The oxygen from the storage tank 4 may also be added to the cage by means 
of a pump 1 1, a valve 12, an ejector 13 and a distributor pipe 14, and this is 
30 providing a further embodiment of the invention. This method of 

oxygenating cages is based on water which is pumped up into the plant, and 
pipe trenches which provide for distribution of this water through one or 
more outlets to each individual cage. At each such outlet is mounted an 
ejector 13 which ensures that the water velocity in the narrowed area is very 
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high (10-15 metres/second). Oxygen which is added to the water flow in this 
narrowed area is immediately broken down into tiny bubbles (microbubbles), 
and the water with these oxygenous microbubbles is passed on in pipes 
floating on the surface of each individual cage. At a suitable location in the 

5 cage there is a 90 degree bend in the pipe (see Figure 5 a)), with the result 
that it continues in the vertical direction to a desired depth, e.g. 2-10 metres, 
preferably 5-9 metres. In this vertical pipe holes are drilled on several "tiers" 
and in several directions in each tier (see Figure 5 b)). By this means 
microbubbles will flow out at several depths and in several directions at each 

10 depth simultaneously, thus providing a uniform distribution of the oxygen in 
the cage. The number of tiers, number of holes and the diameter of each 
individual hole may, e.g., be 2-6 tiers, 2-6 directions and 5-50 mm 
respectively, preferably 3-5 tiers, 3-5 directions and 10-25 mm respectively, 
and the dimensions are such that the water with the oxygen bubbles flows out 

15 of the holes at a rate of, e.g., 1-6 metres/second, preferably 2-5 
metres/second. 

In order to prevent a reflux of water into the oxygenation equipment, 
according to the invention a non-return unit (Figure 6) may be constructed in 
the ejector area. This non-return unit consists of a chamber 15 (a closed pipe 

20 connection of a suitable material, e.g. PVC plastic) and a perforated hose 16. 
The chamber has connection facilities for an oxygen-supplying hose, and 
inside the chamber the oxygen distribution continues through a preferably 
similar, but perforated hose 16. This perforated hose is sealed at the end 
which fits loosely inside the chamber. From the chamber there is an opening 

25 directly to the centre of the ejector, and the oxygen is sucked into the ejector 
(i.e. the water flow) via this opening and crushed immediately. The oxygen, 
in the form of microbubbles, is then discharged into the individual cage. 

The ideal position for a distributor pipe 14 in a cage will vary depending on 
the size and shape of the cage in question. One possible solution may be to 

30 place a distributor pipe in the centre of a small cage. Another possible 

solution (e.g. in larger cages) may be four distributor pipes located against 
the corners of the cage. A variety of designs are also possible for an 
installation for an oxygenation method of this kind. One such design may be, 
e.g., to pump water from several pumps into a manifold, whereupon the water 

35 is further distributed from this manifold in one or more ring mains around the 
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installation with one or more outlets (valve, ejector and distributor pipe) to 
each individual cage. 

The water through-flow in a cage may vary greatly. The less through- 
flow/water exchange which takes place, the greater the need for the supply of 
5 oxygen. The water quality in a cage also varies, as does the biomass. In 

addition, several other parameters will cause the fish's oxygen requirement to 
vary in the course of 24 hours, and thus through the entire year. It is 
important to take these variations into consideration when supplying oxygen, 
and it should be such that an oxygen saturation is obtained preferably of from 
10 41%-85% and more preferably 85%. 

According to the present invention such a desired oxygen saturation can be 
achieved by means of oxygen probes/sensors 18 which are submerged in the 
water, and which record the oxygen saturation at all times in cages with 
oxygen supply equipment. The amount of oxygen which is added to a cage 

15 (oxygen dosage; 21) is adjusted against a given adjusting point (setpoint), 
and this setpoint for oxygen saturation is determined in an adjusting unit (a 
PLS; programmable logic system) 19 or the like, which in turn transmits a 
signal to a control cabinet 19. Here the adjustment of the amount of oxygen 
which is added is controlled by means of valves (preferably magnetic 

20 valves). From the storage tank for oxygen 17, therefore, all the oxygen gas 
passes through the control cabinet 19, which then, by means of oxygen 
dosage 21, distributes/adds 20 the correct amount of oxygen to each cage. 
Since this system makes it possible to keep an almost constant, and desired, 
oxygen saturation in the cage, the fish will receive optimal conditions for 

25 well-being and growth. 

The following examples are intended to illustrate embodiments of the present 
invention and should in no way be considered limiting. 

Example 1: Oxygen admixture with diffuser frame 

This example illustrates differences in oxygen saturation in the volume of 
30 water in a cage before and after oxygen admixture performed by means of a 
diffuser frame. 

A diffuser frame (9 m^) with 13 diffusers (9" EPDM rubber, 40 shore) was 
placed in the centre of cage 1 (Figure 8) at a depth of approximately 7 
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metres. Cages 1 and 2 (Figure 8) were joined to form a cage of 9000 m^. 
This combined cage contained approximately 80 tons of salmon with an 
average weight of 1.5 kg (density approximately 9 kg/rn^), and the 
temperature in the cage was 11.3°C. The water was relatively calm, with 
5 little surface current, flood tide and overcast weather when the measurements 
were taken. 

The oxygen saturation before oxygen admixture was measured at four points 
in cage 1 (A-D), and at three points in cage 2 (E-G). The measurements were 
taken at three depths; 1, 5 and 10 metres. The results of the measurements are 
10 shown in Figure 9 (i). 

The measurements in cage 1 show surprisingly low oxygen values 
considering the time of year and water temperature. The values are lowest at 
depths of 1 and 5 metres; 59% to 69% saturation. At a depth of 10 metres the 
saturation appears to be generally higher, approaching 83% saturation. 

15 In cage 2 the situation was somewhat different. The saturation is declining 
from 70% to 39% at point E. At points F and G the values are more stable, 
being lower at point F (60% to 72%) than at point G (80% to 85%), while the 
lowest saturation for both these points is at a depth of 5 metres. 

The measurements show generally varying and relatively low oxygen 
20 saturation values. With increasing temperature in the water and biomass in 
the cages, the oxygen saturation will probably be even lower. The variations 
in the measurements also show that the water flow is uneven at different 
depths. 

The oxygen saturation in cage 1 was then measured after oxygen admixture 
25 performed by means of the diffuser frame. Since there was not a sufficient 
counterpressure over the diffuser membranes, the gas emerged only at the 
highest point on the frame, and it was not possible to adjust the frame in the 
water in such a manner that the gas was equally distributed over all the 
diffusers. The gas therefore passed through few of the diffusers/membranes 
30 simultaneously (1-3), and the bubbles which were formed were, as previously 
described, relatively large. Measurements were carried out (points a-d, 
Figure 8), but they were only made 1-2 metres from the diffusers which 
produced bubbles. The results of the measurements are shown in Figure 9 
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(ii), and illustrate that the oxygen saturation in the volumes of water at the 
measured points, and at depths of 1 and 5 metres, was raised by 10-15%. 

The incorporation of a pressure equaliser, as described earlier, in the 
individual diffuser provided a uniform distribution of the oxygen gas to all 
5 the diffusers, and the oxygen was added in the form of microbubbles. The 
results therefrom are not illustrated. 

Example 2: Oxygen admixture with a pump, ejector and distributor pipe 

This example shows differences in oxygen saturation in the volumes of water 
in a cage before and after oxygen admixture performed by means of a 
10 distributor pipe. 

The oxygen admixture in cage 2 (Figure 10) was performed by means of a 
pump, ejector and distributor pipe. These measurements were recorded 
during the transition between ebb and flow (towards ebb-tide), it was windy, 
slightly overcast with approximately Vi metre high waves. 

15 The oxygen saturation in the volumes of water before oxygen admixture was 
measured at eight different points (Figure 10; I- VIII), and at three different 
depths; 1, 5 and 10 metres. The results for measurement points I-IV are 
shown in Figure 1 1 (the columns on the left at each measuring point), and for 
measuring points V-VIII in Table 1. 

20 Table 1. The table shows the oxygen saturation in cage 2 for measuring 
points V-VIII at three different depths before oxygen admixture. 







Oxygen saturation 


(%) 


Measuring point 


1 metre 


5 metres 


10 metres 


V 


72 


67 


67 


VI 


68 


70 


77 


VII 


71 


73 


77 


VIII 


65 


65 


65 
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The results show approximately the same variations in oxygen saturation in 
the volumes of water as the measurements made the day before (Example 1). 

The oxygen saturation in cage 2 was then measured after oxygen admixture 
performed by means of a pump, an ejector and a distributor pipe. The pump 
5 used in the oxygen admixture experiments was placed outside the cage at a 
depth of approximately 10 metres, and the oxygen saturation was measured 
here at 70-75%. Oxygen was added to the water which was pumped up as it 
passed the ejector, and this oxygenous water was then added to the cage, and 
distributed over l A thereof (halfway between points I-IV; Figure 10), by 
10 means of a distributor pipe. The measuring points after oxygen admixture 
(Figure 10; I-IV) were 3-4 metres from the distributor pipe. 

The results of the measurements (approximately 1 kg oxygen/hour) are 
shown in Figure 1 1 (the columns on the right at each measuring point). At 
the measuring points I-IV there was an average oxygen increase of 

15 approximately 12.5% at a depth of 1 metre. At a depth of 5 metres the 
increase in oxygen saturation is on average approximately 10.5%. At a 
distance of one metre from the distributor pipe an oxygen saturation was 
recorded of up to 120% (data not shown). At higher oxygen dosages (2.4 kg 
oxygen/hour) oxygen saturations of 90-95% were recorded at the measuring 

20 points I-IV (data not shown). 

The water with the microbubbles formed a milky cloud of bubbles when they 
emerged from the distributor pipe, and were dispersed approximately 3 
metres from each hole in the distributor pipe. Altogether 9 holes were drilled 
distributed between 3 tiers (at depths of 1.5, 3.5 and 5 metres) with 3 holes in 

25 each tier. Each hole had a diameter of 16 mm. Several smaller holes in each 
tier would probably give even better distribution of the oxygen bubbles. 
Microbubbles were observed almost right up to measuring point V. No 
measurements were carried out at this point, but at measuring point VII there 
were no significant changes in oxygen saturation before and after oxygen 

30 admixture. 
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PATENT CLAIMS 

1 . Device for oxygenating water in aquaculture plants for marine 
organisms in the sea, comprising equipment for the production of oxygen gas 
and delivery of oxygen gas, with possibly one or more pumps, 
5 characterized in that it provides oxygen which is produced on the spot and 
stored in a suitable tank (4) and that the oxygen is added in the form of 
oxygenous microbubbles, and that the device further comprises diffusers (5) 
with or without a pressure equaliser (10), where in the diffusers are mounted 
on a suitable diffuser device, preferably a diffuser strut (6) or a diffuser 
10 frame (7), 

or that the device comprises one or more ejector(s) (13) with or without a 
non-return unit, 

one or more distributor pipes (14) and oxygen probe(s) (18) together with a 
control cabinet (19). 

15 2. Device according to claim 1, 

characterized in that the oxygen provided is liquid oxygen from cryotank(s). 

3. Device according to claims 1-2, 

characterized in that the pressure equaliser (10) consists of different . 
embodiments of perforated rubber material, such as a circular rubber hose 
20 which is mounted inside the diffuser by means of a nipple and a transition 
piece, and that the circular rubber hose is perforated by a number of holes 
which are sufficient to cause a pressure difference of 0.2 - 2.5 bar over this 
rubber hose. 

4. Device according to claims 1-3, 

25 characterized in that the hole (9) in a diffuser for intake of oxygen has a 

diameter which is such that the oxygen gas is uniformly dispersed to all the 
diffusers on a diffuser device. 

5. Device according to claims 1-4, 

characterized in that various diffuser devices may be employed alone or 
30 together, and that the suspension/attachment points for the diffuser device(s) 
employed are adjustable in such a manner that the diffuser device(s) is placed 
at depths from 2-2.5 metres, preferably from 5-10 metres. 
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6. Device according to claims 1-2, 

characterized in that the non-return unit in the ejector (13) consists of a 
chamber (15) with a connection facility for an oxygen-supplying hose on the 
outside of the chamber and a preferably similar but perforated hose (16) 
5 which is sealed at the end which ends freely inside the chamber. 

7. Device according to claims 1-2, 

characterized in that the distributor pipe (14) which is employed for adding 
water with microbubbles to the water in the aquaculture plant is submerged 
to a depth of from 2-10 metres, preferably 5-9 metres, and that this 
10 distributor pipe is equipped with holes on several tiers and in several 

directions in each tier, e.g. 1-6 tiers and 1-6 holes respectively, preferably 2- 

5 tiers and 2-5 holes respectively. . 

8. Device according to claims 1 and 7, 

characterized in that the holes in the distributor pipe have a diameter of from 
15 5-50 mm, preferably 10-25 mm, or that the dimensions of the holes are such 
that the microbubbles flow out of the holes at a rate of from 1-8 

metres/second, preferably from 2-5 metres/second. *■ : 

9. Device according to claims 1-8, 

characterized in that the oxygen admixture optionally may be ... 
20 controlled/adjusted in relation to the oxygen saturation in the water which 

has to be oxygenated or a specific adjusting point/setpoint, whereby an «?- 
adjusting unit/control cabinet (19) receives information concerning the 
water f s oxygen saturation from appropriate oxygen probes/sensors (16). 

10. Method for using the present invention for oxygenating water in 
25 aquaculture plants for marine organisms in the sea, 

characterized by the provision and admixture of substantially pure oxygen in 
the form of oxygenous microbubbles where the oxygen provided is produced 
on the spot and stored in a suitable tank (4) or it is provided in the form of 
liquid oxygen from a cryotank, 
30 the admixture is performed by means of diffusers (5) with or without a 

pressure equaliser (10), or by means of an ejector (13) with or without a non- 
return unit consisting of a chamber (15) with a connecting facility for an 
oxygen-supplying hose and a preferably similar but perforated hose (16) 
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which is sealed at the end which ends freely inside the chamber (15) 5 and one 
or more distributor pipes (14). . 

1 1 . Method according to claim 10, 

characterized in that the oxygen is supplied with or without the use of oxygen 
5 probes/sensors (16) and an adjusting unit/control cabinet (19). 

1 2 . Method according to claims 10-11, 

characterized in that the diffosers (5) which are employed are mounted on a 
suitable diffuser device, e.g. a diffuser strut (6) or a diffuser frame (7). 

1 3 . Method according to claims 10-12, 

10 characterized in that by means of adjustable suspension, the diffusers (5) are 
placed at depths of from 2-25 metres, preferably 5-10 metres. 

14. Method according to claims 10-13, 

characterized in that the distributor pipe which is employed reaches depths of 
from 2-10 metres, preferably from 5-9 metres. 

15 15. Method according to claims 10-14, 

characterized in that an oxygen saturation is achieved in the water which is in 
relation to the aquaculture plant organism's requirements, preferably from 
41-90%, more preferably 85%. 

16. Method according to claims 10-15, 

20 characterized in that the oxygenation takes place in cages or other kinds of 
aquaculture plant, such as, e.g. plants for rearing shellfish or crayfish. 

17. Use of the device as indicated in claims 1-9 for oxygenating water in 
aquaculture plants for marine organisms in the sea, where in the device is 
placed at locations and depths in the cage which permit all the water in the 

25 cage to receive a desired oxygen saturation. 
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FIG. 2A 
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